Objective To analyse the correlation between the implementation of tobacco control policies and tobacco consumption, particularly rolling tobacco, electronic cigarettes (e-cigarettes) users and the intent to quit smoking in 27 countries of the European Union. Design Ecological study with the country as the unit of analysis. Data sources We used the data from tobacco control activities, measured by the Tobacco Control Scale (TCS), in 27 European countries, in 2010, and the prevalence of tobacco consumption data from the Eurobarometer of 2012. Analysis Spearman correlation coefficients (r sp ) and their 95% CIs. Results There was a negative correlation between TCS and prevalence of smoking (r sp =−0.41; 95% CI −0.67 to −0.07). We also found a negative correlation (r sp =−0.31) between TCS and the prevalence of ever e-cigarette users, but it was not statistically significant. Among former cigarette smokers, there was a positive and statistically significant correlation between TCS and the consumption of hand-rolled tobacco (r sp =0.46; 95% CI 0.06 to 0.70). We observed a similar correlation between TCS and other tobacco products (cigars and pipe) among former cigarette smokers. There was a significant positive correlation between TCS and intent to quit smoking in the past 12 months (r sp =0.66; 95% CI 0.36 to 0.87). Conclusions The level of smoke-free legislation among European countries is correlated with a decrease in the prevalence of smoking of conventional cigarettes and an increase in the intent to quit smoking within the past 12 months. However, the consumption of other tobacco products, particularly hand-rolled tobacco, is positively correlated with TCS among former cigarette smokers. Therefore, tobacco control policies should also consider other tobacco products, such as rolling tobacco, cigars and pipes.
INTRODUCTION
Tobacco is the single greatest cause of preventable death in the world. 1 Several countries have implemented smoke-free legislation focused on the reduction of secondhand smoke exposure (SHS). However, the adoption of tobacco control policies focuses (eg, the increase of price) mainly on manufactured cigarettes and often neglects other tobacco products, such as hand-rolled tobacco. 2 In fact, the consumption of hand-rolled tobacco has increased in the past few years [3] [4] [5] and hand-rolled cigarettes were smoked by one in three European smokers in 2011. 6 Moreover, the use of electronic cigarettes (e-cigarettes) has rapidly increased worldwide. 7 A previous study conducted in Europe 8 showed a negative relationship between tobacco control policies and the smoking of conventional cigarettes as well as exposure to SHS in workplaces. Moreover, the tobacco control policies in Europe were not correlated with an increase of tobacco consumption in private venues 9 and were correlated with a rise in the prevalence of smoke-free homes. 10 However, there is a lack of evidence, to the best of our knowledge, about the impact of tobacco control bans on the consumption of other tobacco products, such as rolling tobacco and the use of e-cigarettes. The objective of this study is to analyse the correlation between the implementation of tobacco control policies and tobacco consumption, particularly rolling tobacco, e-cigarettes users and the intent to quit smoking in 27 countries of the European Union (EU).
METHODS
This is an ecological study with each country as the unit of analysis. We used data from tobacco control activities, measured by the Tobacco Control Scale (TCS) 11 proposed by Joossens and Raw, 12 in 27 European countries, in 2010, and the data of the prevalence of tobacco consumption from the Eurobarometer of 2012. 13 The Special Eurobarometer 385 13 is a cross-sectional study (n=26 751) conducted between February and March of 2012 among the adult population (>15 years old).
We obtained the following variables through different questions from the Eurobarometer:
Information regarding cigarette consumption obtained through the specific question: 'Regarding smoking cigarettes, cigars or a pipe, which of the following applies to you?'. In which the possible answers were: 'You currently smoke'; 'You used to smoke but you have stopped' and 'You have never smoked', and were measured by way of the prevalence of smoking. We defined current smokers as people who answered 'You currently smoke'.
Additionally, we obtained information on other tobacco product consumption (boxed cigarettes, hand-rolled cigarettes, cigars and pipe) through the question: 'How often do/did you use the following tobacco products?'. The answers to this question were grouped as regular users (daily, weekly or monthly) and non-regular users, and differentiating between smokers and former cigarette smokers. Eurobarometer also provided information on other ways of smoking through the question: 'Have you ever tried any of the following products? Water pipe, oral tobacco, chewing or nasal tobacco, e-cigarettes, and smokeless cigarettes', and the answers to this question were grouped as either 'Yes' or 'No'. This question was given to the whole population (smokers, former smokers and non-smokers).
Previous intent to quit smoking was measured by way of the prevalence of the answer 'Yes, in the past 12 months' from the question: 'Have you ever tried to quit smoking?'.
Self-reported exposure to SHS at work among non-smokers was obtained asking the question: 'How often are you exposed to tobacco smoke indoors at your workplace?', where the answers were grouped as either exposed or non-exposed.
We used the TCS from 2010 to measure the level of the six most cost-effective tobacco control policies in European countries in 2010. 12 We analysed the correlation between TCS score (and their six policies) and the different rates of prevalence (eg, cigarette consumption, use of other tobacco products, previous intent to quit, etc) by calculating Spearman correlation coefficients (r sp ) and their 95% confidence intervals (CIs).
RESULTS
There was an inverse and statistically significant correlation between TCS and prevalence of smoking of conventional cigarettes (table 1) . The correlation between TCS and intent to quit smoking within the past 12 months was positive and statistically significant (r sp =0.66; 95% CI 0.36 to 0.87). The correlation between TCS and SHS exposure at work was negative (r sp = −0.59; 95% CI −0.81 to −0.22).
Among current smokers, there were positive correlations, only statistically significant in the case of pipe smoking (r sp-=0.49; 95% CI 0.13 to 0.73), between TCS and consumption of other tobacco products. Among former cigarette smokers, there were positive and statistically significant correlations between TCS and other tobacco products with the exception of boxed cigarettes (table 1) .
We found statistically significant negative correlation between TCS and the prevalence of having ever tried a water pipe (r sp = −0.39; 95% CI −0.62 to −0.06). The correlation of TCS with the prevalence of ever e-cigarette use was not statistically significant (r sp =−0.31; 95% CI −0.61 to 0.03).
DISCUSSION
Our results, at the ecological level, show that there is an inverse correlation between the levels of tobacco control policies implemented across European countries and the consumption of conventional cigarettes and exposure to SHS at work. These results are in agreement with previous ecological, 8 9 multilevel 10 and individual studies.
14 However, there is positive correlation between the different levels of tobacco control policies implemented among countries and the consumption of other tobacco products among former cigarette smokers, particularly hand-rolled tobacco. This correlation should be interpreted with caution because the question of the Eurobarometer does not permit the restriction of this analysis to former cigarette smokers who had quit smoking cigarette after the implementation of tobacco control policies. Therefore, the prevalence of other tobacco products, including hand-rolled tobacco, among former cigarette smokers cannot be guaranteed to be a consequence of the six tobacco control policies measured in the TCS. However, previous studies showed an increase of daily consumption, per capita, of hand-rolled tobacco and market share of rolling tobacco in the past decade. 3 15 Thereby, our results could be backing the hypothesis of a switch of smokers to cheaper tobacco products, such as hand rolled cigarettes, because the tobacco control policies, particularly increasing of prices, are focused on conventional cigarettes. Previous studies showed that daily per capita consumption of hand-rolled cigarettes increased on average by 14.1% per year from 1991 to 2012 in Spain, while the consumption of manufactured cigarettes decreased by 3% on average. 3 A similar pattern has been found in other countries such as Canada, the USA, the UK, Australia 4 and New Zealand. 5 These changes in the consumption of tobacco could also be due to the belief that this tobacco product is healthier than conventional manufactured cigarettes. 16 Furthermore, price increase is consistently reported as one of the most effective means of reducing tobacco consumption; 17 nevertheless, the real prices of the cheapest cigarettes have remained largely unchanged since 2006, and the gap between the cheapest and the most expensive cigarettes has been widened. 18 In fact, hand-rolled cigarettes were taxed at half the level of manufactured cigarettes in 2014. 18 Bearing this in mind, there is a need to equalise the prices of all tobacco products by applying the same taxing level as, indeed, is recommended by the article 6 of the Framework Convention on Tobacco Control. 19 Regarding the consumption of e-cigarettes, the public awareness has grown substantially in recent years. 20 However, we observed unexpected negative correlation between TCS and the prevalence of having ever tried e-cigarettes, although it was not statistically significant. This result could be due to the fact that the countries with larger TCS are more active in tobacco control and therefore may have prevented the widespread use of the e-cigarettes by, for instance, better consumer information.
We found a positive correlation between TCS and the previous intent to quit smoking (in the past 12 months). This correlation could underestimate the real correlation between TCS and intention to quit because the question of Eurobarometer measured only the previous intention to quit and not the current intention. However, the mean score for Europe in the policies of the treatment to help quit smoking was very low (5.11 up to 10) in comparison with other policies. This could mean that, although the smokers may have the intention to quit, they may not receive the help needed to succeed.
The main limitation of this study derives from its ecological design, which yields to the fact that no information about the intensity of association at individual level can be inferred. Moreover, there are some studies showing that the main EU survey generates estimates that are in some cases widely discrepant from more substantive national sources and does not provide age or gender-specific data by country. 21 In addition, the 2-year gap between the measure of TCS and the Eurobarometer survey does not allow detecting the effect of measures adopted between 2010 and 2012. Nevertheless, the design of the Eurobarometer was the same for all countries, increasing comparability across countries at an ecological level, and the sample size was satisfactorily large and representative by country, and the interviews were face-to-face. In addition, individual studies backing our results exist. 22 23 In conclusion, our results suggest the need to revise the current legislation, particularly increasing the prices, in order to consider all tobacco products and not only conventional cigarettes. Table 1 Spearman correlation coefficients (r sp ) between TCS (and the six policies of TCS) and prevalence of smoking, prevalence of consumption of other tobacco products (among smokers and former cigarette smokers), prevalence of the intent to quit smoking in the past 12 months and prevalence of self-reported to SHS exposure at work TCS, Tobacco Control Scale (maximum 100 points) quantifies the full implementation of tobacco control policies at country level and collects information about of the six most cost-effective tobacco control policies. Price: price increases through higher taxes on tobacco products (maximum 30 points); Public place bans: bans/restrictions on smoking in public and work places (maximum 22 points); Public information campaign spending: better consumer information including public information campaigns, media coverage and publicising of research findings (maximum 15 points); Advertising bans: comprehensive bans on the advertising and promotion of all tobacco products, logos and brand names (maximum 13 points); Health warnings: large direct health warning labels on cigarette boxes and other products (maximum 10 points); Treatment: treatment to help dependent smokers to quit, including increased access to medications (maximum 10 points). *p<0.05; **p<0.001.
SHS, secondhand smoke exposure.
